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Description

Background of the Invention

The present invention relates to a cooling sys-
tem for a three-dimensional IC package and, more
particularly, to a cooling system for a package
having a plurality of laminated substrates mounting
ICs thereon.

Recently, a degree of integration of semicon-
ductor devices is improved, the sizes of printed
circuit boards or ceramic substrates are increased,
and the number of mounted devices per substrate
is increased. As a result, a packing density of ICs
is significantly improved. As a total amount of heat
generated in ICs is increased, a demand has arisen
for a cooling technique having a high performance
and a good efficiency. In particular, large ap-
paratuses adopt a conductive cooling system in
which a heat radiating surface of an IC is thermally
connected to a member called a cold plate having
a cooling fluid path therein.

A typical example of the conductive cooling
system according to a conventional technique is
disclosed in United States Patent No. 4,245,273. In
this conventional technique, a cap structure is
mounted on a substrate on which a plurality of ICs
are mounted. This cap has a plurality of conductive
pistons biased downwardly into contact with the IC
devices by springs, respectively. On the top sur-
face of this cap, a cooling jacket in which a suitable
cooling fluid can be circulated is mounted.

Recently, in order to increase a packing den-
sity of ICs, a three-dimensional IC package in
which a plurality of substrates each mounting ICs
thereon are laminated with a small interval there-
between is adopted. In such a three-dimensional IC
package, since a requirement for the interval be-
tween the substrates is strict, it is difficult to adopt
the cap structure according to the above conven-
tional technique. In addition, maintainability is deg-
raded as the size of the substrate is increased,
resulting in high cost.

Summary of the Invention

It is an object of the present invention to pro-
vide a cooling system for a three-dimensional IC
package free from the above conventional
drawbacks.

According to the present invention, a cooling
system for a three-dimensional IC package in
which substrates each mounting a plurality of IC
devices on at least one surface thereof are lami-
nated with a predetermined interval therebetween
in a chassis, comprises cold plates, fixed parallel to
each other in the chassis with a predetermined
interval therebetween for housing the substrate,
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holes being formed in each of the cold plates at
positions corresponding to heat radiating surfaces
of the IC devices when the substrate is inserted in
the interval, and a cooling fluid path for flowing a
fluid being formed around the holes, at least one
heat conductive piston, inserted in each of the
holes of the cold plate while a small gap is kept
between an inner wall of the hole and the heat
conductive piston, vertically biased by spring
means to vertically move in the hole, and when the
IC devices operate, biased by the spring means
and brought into contact with the heat radiating
surface of a corresponding one of the IC devices,
and conducting heat generated from the IC device
o the cold plate through the gap, and heat conduc-
tive piston adjusting means for releasing, when
maintenance of the substrate is to be performed, a
contact between the heat conductive piston and the
IC device against a biasing force of the spring
means, thereby enabling insertion/removal of the
substrate with respect to the chassis.

Brief Description of the Drawings

Fig. 1 is a perspective view showing an embodi-
ment of the present invention;

Fig. 2 is a sectional view taken along a line A -
A of Fig. 1;

Fig. 3 is a sectional view showing another em-
bodiment of the present invention;

Fig. 4 is a perspective view showing still another
embodiment of the present invention;

Fig. 5 is a sectional view taken along a line B -
B of Fig. 4; and

Figs. 6, 7, 8 and 9 are views for explaining a
structure and an operation of part of Fig. 5.

Detailed Description of the Preferred Embodiments

Embodiments of the present invention will be
described in detail below with reference to the
accompanying drawings.

Fig. 1 is a perspective view of a three-dimen-
sional IC package according to an embodiment of
the present invention. Fig. 2 is a sectional view
taken along a line A - A of Fig. 1.

In Fig. 1, reference numeral 1 denotes a sub-
strate mounting a plurality of integrated circuit (IC)
devices 2 on its top surface; and 3, a hollow
chassis having side plates 3A and 3B. In the chas-
sis 3, a plurality of cold plates 4 each having a
cooling fluid path are horizontally arranged with a
predetermined interval therebetween so that both
ends of each cold plate 4 are fixed to the inner
side surfaces of the side plates 3A and 3B, as will
be described later. The substrate 1 is inserted and
housed between adjacent cold plates 4 as will be
described later.
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Pipes 5 and 6 for supplying a cooling fluid are
vertically mounted outside the side plates 3A and
3B of the chassis 3, respectively. One end of each
of the pipes 5 and 6 is closed, and the other end
thereof serves as an inlet/outlet port of a cooling
fluid. A plurality of branch pipes 5A and G6A each
corresponding to the cold plate 4 branch from the
pipes 5 and 6, respectively. Each of the branch
pipes 5A and 6A is connected to an inlet or outlet
port of the cooling fluid path of a corresponding
cold plate 4.

In Figs. 1 and 2, a cooling fluid supplied from
the lower end of the pipe 5 is discharged from the
upper end of the pipe 6 through the branch pipes
5A, the cooling fluid paths of the cold plates 4, and
the branch pipes 6A. Note that a direction of a flow
of the cooling fluid is not limited to the one shown
in Fig. 1.

Fig. 2 illustrates combinations of the substrates
1 and the cold plates 4 from the first to third upper
stages of the chassis 3.

In Fig. 2, guide rails 18 having a U sectional
shape are horizontally fixed to the inner side sur-
faces of the chassis 3 between adjacent cold plates
4 so that their guide grooves face inward. The
substrate 1 mounting the IC devices 2 thereon is
guided at its right and left ends by the guide
grooves of right and left guide rails 18 arranged at
the same level and inserted infremoved from the
chassis 3. The upper end of each guide rail is set
slightly higher than the top surface of the IC device
2 so that the substrate can be inserted.

Holes 12 are formed in each cold plate 4 at
positions corresponding to the IC devices 2 when
the substrate is inserted. A heat conductive piston
8 is inserted in each hole 12. A small gap 10 is
formed between the outer surface of each heat
conductive piston 8 and the inner surface of the
hole 12, and the upper end of the heat conductive
piston 8 is connected to the cold plate 4 through a
spring 9, so that the heat conductive piston 8 can
be vertically moved in the hole 12.

Cooling fluid paths 7 are formed in portions
within the cold plate surrounding the holes 12.

In order to insert the substrate 1 in the chassis
3, a tool plate 11 is inserted along the top surfaces
of the guide rails 18 to push the heat conductive
pistons 8 upward. Therefore, since a gap is formed
between the top surfaces of the IC devices 2 and
the lower surface of the tool plate 11, the substrate
1 can be easily inserted along the guide rails 18.

When the tool plate 11 is pulled out after the
substrate 1 is inserted, each heat conductive piston
8 is pushed downward by a corresponding spring 9
and is brought into contact with the top surface of a
corresponding one of the IC devices 2. In opera-
tion, heat generated from the IC devices 2 is con-
ducted to a cooling fluid flowing in the cooling fluid
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path 7 through the heat conductive pistons 8, the
gaps 10, and the cold plate 4. In Figs. 1 and 2, the
substrates 1 in the first and third stages are in
operation.

In maintenance, the tool plate 11 is inserted
between the heat conductive pistons 8 and the IC
devices 2 against a biasing force of the springs 9,
thereby disconnecting the heat conductive pistons
8 from the IC devices 2. Therefore, the substrate 1
can be easily pulled out from the chassis 3. In Fig.
2, the substrate 1 at the second stage is in this
state. Note that the lower end of each heat conduc-
tive piston is chamferred to facilitate
insertion/removal of the tool plate 11.

Fig. 3 is a sectional view showing another
embodiment of the cooling system for an IC pack-
age comprising substrates 21 each mounting IC
devices 22 on its both surfaces. In Fig. 3, sub-
strates 21 from the first to third upper stages are
shown.

In Fig. 3, the structures of a cold plate 4 and
heat conductive pistons 8 provided at the upper-
most stage are the same as those in the embodi-
ment shown in Fig. 2.

In stages from the second stage, cold plates 24
higher than the cold plate 4 are horizontally fixed to
a chassis 23 with a predetermined interval there-
between. Guide rails 18 are fixed to the chassis 23
in the same manner as in the embodiment shown
in Fig. 2.

Through holes 32 are formed between oppos-
ing IC devices 22 of the substrates 21 inserted
above and below the cold plate 24. A pair of heat
conductive pistons 28A and 28B are disposed in
each through hole 32 so that the heat conductive
pistons 28A and 28B are biased in opposite direc-
tions by a spring 29, that their outer end surfaces
are brought into contact with the surfaces of the
opposing IC devices, and that they can be verti-
cally moved while keeping small gaps 30 with
respect to the inner surfaces of the through hole
32.

Cooling fluid paths 27 are formed in the cold
plate 24 at both sides of each through hole 32.

The substrate 21 is inserted as follows. That is,
tool plates 11 are inserted above and below the
substrate 21 fo be inserted along the top and
bottom surfaces of the guide rails 18, thereby inter-
rupting contacts between heat radiating surfaces of
the IC device 22 mounted on both surfaces of the
substrate 21 and the heat conductive pistons 28A
and 28B. At the same time, a small gap is formed
between the tool plate 11 and the IC devices 22, so
that the substrate 21 can be inserted. In an opera-
tion performed without the tool plate 11, heat gen-
erated from opposing IC devices 22 mounted on
the top and bottom surfaces of adjacent substrates
21 is conducted to a cooling fluid flowing in the
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cooling fluid path 27 through the heat conductive
pistons 28B and 28A, the gaps 30, and the cold
plate 24, thereby performing cooling.

Fig. 4 is a perspective view showing still an-
other embodiment of the present invention, and
Fig. 5 is a sectional view taken along a line B - B of
Fig. 4.

In Figs. 4 and 5, the same reference numerals
as in Figs. 1 and 3 denote the same parts, and a
detailed description thereof will be omitted.

A difference between the embodiment shown
in Figs. 4 and 5 and the embodiment shown in Fig.
1 is that in Figs. 4 and 5, a spring 29 for connect-
ing a pair of heat conductive pistons 28A and 28B
is replaced with curved leaf springs 33A and 33B
one end of each of which is fixed to a rotary shaft
19 and the other end thereof is fixed to a cor-
responding one of the heat conductive pistons 28A
and 28B, so that a substrate 1 can be
inserted/removed without using a tool plate 11.

Figs. 6 to 9 show a connection structure,
formed between the heat conductive pistons 28A
and 28B, and consisting of the leaf springs 33A
and 33B and the shaft 19, and an operation of this
structure.

The leaf springs 33A and 33B have the same
structure. That is, one end of each of the leaf
springs 33A and 33B is fixed to the rotary shaft 19
at a position opposing the position of one end of
the other leaf spring located in a diameter direction
of the rotary shaft 19, and the leaf springs 33A and
33B are curved to surround the rotary shaft 19. The
other ends of the leaf springs 33A and 33B are
perpendicularly inserted in and fixed to the bottom
and top surfaces of the heat conductive pistons
28B and 28A, respecitively.

When the rotary shaft 19 is rotated by a knob
34 mounted at its front end, a distance between
heat conductive pistons 28A and 28B is adjusted.
That is, in Figs. 6 and 7, the rotary shaft 19 is
rotated in a direction of arrow D1, i.e., a direction to
compress the leaf springs 33A and 33B. In Figs. 8
and 9, the rotary shaft 19 is rotated in a direction of
arrow D2, ie., a direction to expand the leaf
springs 33A and 33B.

The rotary shaft 19 at the second stage in Fig.
5 shows the state shown in Fig. 6. In this state, the
heat conductive pistons 28A and 28B are biased to
move away from each other and brought into con-
tact with corresponding IC devices 22. The rotary
shaft 19 at the third stage in Fig. 5 shows the state
shown in Fig. 8. In this case, the heat conductive
pistons 28A and 28B move closer to each other,
and therefore contacts between the heat conduc-
tive pistons 28A and 28B and corresponding IC
devices 22 are released, thereby enabling
insertion/removal of the substrate.

A heat radiating path of heat generated from
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the IC devices 22 during operation is similar to the
embodiment shown in Fig. 3.

As has been described above, according to the
cooling system of the present invention, heat con-
ductive pistons are biased by springs against and
brought into contact with corresponding ICs. There-
fore, a variation in IC mounting heights can be
absorbed. In addition, since a substrate can be
replaced while a cold plate is left in a chassis, the
weight of the substrate can be reduced, and a
cooling fluid system need not be interrupted upon
maintenance or replacement.

Claims

1. A cooling system for a three-dimensional IC
package in which substrates (1,21) each
mounting a plurality of IC devices (2,22) on at
least one surface thereof are laminated with a
predetermined interval therebetween in a chas-
sis (3), comprising:

cold plates (4,24), fixed parallel to each
other in said chassis (3) with a predetermined
interval therebetween for housing one of said
substrates (1,21), holes (12,32) being formed in
each of said cold plates (4,24) at positions
corresponding to heat radiating surfaces of
said IC devices (2,22) when said substrate
(1,21) is inserted in said interval, and a cooling
fluid path (7,27) for flowing of a fluid being
formed around said holes (12,32);

at least one heat conductive piston
(8,28A,28B), inserted in each of said holes (12)
of said cold plate (4,24) while a small gap (10)
is kept between an inner wall of said hole
(12,32) and said heat conductive piston
(8,28A,28B), vertically biased by spring means
(9,29;33A,33B) to vertically move in said hole
(12,32), and when said IC devices (2,22) op-
erate, biased by said spring means
(9,29;33A,33B) and brought into contact with
said heat radiating surface of a corresponding
one of said IC devices (2,22), and conducting
heat generated from said IC device to said
cold plate (4,24) through said gap (10); and

heat conductive piston adjusting means
(11;19,34) for releasing, when maintenance of
said substrate (1,21) is to be performed, a
contact between said heat conductive piston
(8,28A,28B) and said IC device (2,22) against a
biasing force of said spring means
(9,29,33A,33B), thereby enabling
insertion/removal of said substrate (1,21) with
respect to said chassis (3).

2. A system according to claim 1, wherein said
heat conductive piston adjusting means in-
cludes a tool plate (11) to be inserted
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in‘removed from between said heat conductive
pistons (8,28A,28B) and said IC devices (2,22).

A system according to claim 1, wherein said
holes formed in said cold plate (24) are
through holes (32), a pair of heat conductive
pistons (28A,28B) connected through said
spring means (29;33A,33B) is vertically moved
in each of said through holes (32), and upper
and lower ends of said pair of heat conductive
pistons (28A,28B) are associated with said IC
devices (22) mounted on bottom and top sur-
faces of said substrates (21) inserted above
and below said cold plate (24).

A system according to claim 3, wherein said
spring means for connecting said pair of heat
conductive pistons (28A,28B) includes a shaft
(19) horizontally provided between said pair of
heat conductive pistons (28A,28B), and two
leaf springs (33A,33B), one end of each of
which is connected to said shaft (19) at dia-
metrically opposite positions, the other ends
thereof are connected to said pair of heat
conductive pistons, and said leaf springs
(33A,33B) are curved to surround said shaft
(19), such that when said shaft is rotated in a
clockwise or counterclockwise direction, said
pair of heat conductive pistons (28A,28B) are
moved closer to or away from each other.

A system according to claim 1, further com-
prising branch pipes (5A,6A), connected to
said cooling fluid paths (7,27) of said cold
plates (4,24), and extending from said chassis
(3) toward side portions thereof, and cooling
fluid supplying (5) and discharging (6) pipes.

Patentanspriiche

1.

Kihlsystem fiir eine dreidimensionale IC-Pak-
kung, in welcher Substrate (1, 21), auf denen
jeweils eine Vielzahl von IC-Einheiten (2, 22)
auf mindestens einer der Oberfldchen befestigt
sind, mit einem vorbestimmten Abstand dazwi-
schen in einem Geh&use (3) geschichtet sind,
mit

Kihlplatten (4, 24), die parallel zueinander
im Geh3use (3) mit einem vorbestimmten Ab-
stand dazwischen befestigt sind, um jeweils
eines der Substrate (1, 21) dazwischen aufzu-
nehmen, wobei Ausnehmungen (12, 32) in je-
der der Kihlplatten (4, 24) ausgebildet sind an
Stellungen, die den hitzeabstrahlenden Fl&-
chen der IC-Einheiten (2, 22) entsprechen,
wenn das Substrat (1, 21) in den Zwischen-
raum eingefligt ist, und wobei ein Kihlfluidweg
(7, 27) um die Ausnehmungen (12, 32) herum
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ausgeformt ist zum DurchflieBen eines Fluids;

mindestens einem wiarmeleitfahigen Kol-
ben (8, 28A, 28B), der in jede der Ausnehmun-
gen (12, 32) der Kiihlplatte (4, 24) eingefligt ist
mit einem schmalen Spalt (10, 30) zwischen
der Innenwandung der Ausnehmung (12, 32)
und dem wirmeleitfahigen Kolben (8, 28A,
28B), und welcher vertikal vorgespannt ist
durch eine Federvorrichtung (9, 29; 33A, 33B),
um sich vertikal in der Ausnehmung (12, 32)
zu bewegen, und welcher bei Betrieb der IC-
Einheiten (2, 22) durch die Federvorrichtung
(9, 29, 33A, 33B) vorgespannt ist und in Kon-
takt mit den hitzeabstrahlenden Oberflachen
der entsprechenden IC-Einheit (2, 22) gebracht
ist und die von der IC-Einheit erzeugte Hitze
liber den Spalt (10) zu den Kihliplatten (4, 24)
Ubertrdgt und

einer Einstellvorrichtung (11; 19, 34) flr
die wirmeleitfihigen Kolben zum Freigeben
des Kontakts zwischen dem wirmeleitfahigen
Kolben (8, 28A, 28B) und der IC-Einheit (2, 22)
entgegen der Vorspannkraft der Federvorrich-
tung (9, 29, 33A, 33B) bei der Durchflihrung
der Wartung des Substrats (1, 21), wodurch
ein Einfigen/Entfernen des Substrats (1, 21)
aus dem bzw. in das Gehduse (3) ermdglicht
wird.

System nach Anspruch 1 , wobei die Einstell-
vorrichtung flir die warmeleitfdhigen Kolben
eine Werkzeugplatte (11) aufweist, welche zwi-
schen die wirmeleitfdhigen Kolben (8, 28A,
28B) und die IC-Einheiten (2, 22) eingescho-
ben oder herausgezogen werden kann.

System nach Anspruch 1 , wobei die Ausneh-
mungen in der Kihlplatte (24) Durchgangslo-
cher (32) sind, ein Paar von wirmeleitfahigen
Kolben (28A, 28B), die durch eine Federvor-
richtung (29; 33A, 33B) verbunden sind, verti-
kal in jedem der Durchgangslécher (32) be-
wegt wird, und die oberen und unteren Enden
des Paars von leitfahigen Kolben (28A, 28B)
IC-Einheiten (22) zugeordnet sind, die auf
Boden- und Oberflichen des Substrats (21)
befestigt sind, welches oberhalb und unterhalb
der Kihlplatte (24) eingeschoben ist.

System nach Anspruch 1, wobei die Federvor-
richtung zum Verbinden des Paars von wirme-
leitfdhigen Kolben (28A, 28B) eine Welle (19)
aufweist, die horizontal zwischen dem Paar von
wirmeleitfahigen Kolben (28A, 28B) vorgese-
hen ist, und zwei Blattfedern (33A, 33B), deren
Ende jeweils an diametral gegeniiberliegenden
Stellen der Welle (19) befestigt sind und deren
anderes Ende jeweils mit dem Paar der wéir-
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meleitfihigen Kolben verbunden ist, und wel-
che gekrimmt sind, um die Welle (19) zu
umgeben, so daB, wenn die Welle im Uhrzei-
gersinn oder Gegenuhrzeigersinn gedreht wird,
das Paar von wiarmeleitfahigen Kolben (28A,
28B) ndher zueinander oder voneinander weg
bewegt werden.

System nach Anspruch 1 , dadurch gekenn-
zeichnet, daB es ferner Verzweigungsrohre
(5A, 6A), die mit den Kihlfluidwegen (7, 27)
der Kihlplatten (4, 24) verbunden sind und
sich vom Geh3use aus zu Seitenteilen davon
erstrecken, und Kihlifluidzufuhrrohre (5) und
Kihlfluidabzugsrohre (6) aufweist.

Revendications

Systéme de refroidissement pour un boftier de
circuit intégré tridimensionnel dans lequel des
substrats (1, 21) chacun ayant une multitude
de dispositifs & circuit intégré (2, 22) sur au
moins une de ces surfaces sont empilés avec
un intervalle prédéterminé enire ceux-ci dans
un chissis (3), comprenant :

des plaques de refroidissement (4, 24)
fixées paralléles les unes aux autres dans le
chissis (3) avec un intervalle prédéterminé
entre celles-ci pour loger un des substrats (1,
21), des trous (12, 32) étant formés dans cha-
cune des plaques de refroidissement (4, 24) a
des emplacements correspondant aux surfaces
de rayonnement de la chaleur des dispositifs 2
circuit intégré (2, 22) lorsque le substrat (1, 21)
est inséré dans lintervalle, et un trajet de
fluide de refroidissement (7, 27) pour faire cir-
culer un fluide est formé autour des trous (12,
32) ;

au moins un piston conducteur de la cha-
leur (8, 28A, 28B) inséré dans chacun des
trous (12) de la plaque de refroidissement (4,
24) tandis qu'un faible intervalle (10) est
conservé enire une paroi intérieure du trou (12,
32) et le piston conducteur de la chaleur (8,
28A, 28B), verticalement sollicité par un moyen
de ressort (9, 29 ; 33A, 33B) pour se déplacer
verticalement dans le trou (12, 32) et, lorsque
les dispositifs & circuit intégré (2, 22) fonction-
nent, sollicité par le moyen de ressort (9, 29 ;
33A, 33B) et amené en contact avec la surface
de rayonnement de la chaleur d'un dispositif 2
circuit correspondant parmi les dispositifs a
circuit intégré (2, 22) et conduisant la chaleur
produite 2 partir du dispositif & circuit intégré
vers la plaque de refroidissement (4, 24) par
I'intermédiaire de l'intervalle (10), et

un moyen de réglage de piston conduc-
teur de la chaleur (11, 19, 34) pour supprimer,
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lorsque l'entretien du substrai doit étre effec-
tué, le contact entre le piston conducteur de la
chaleur (8, 28A, 28B) et le dispositif & circuit
intégré (2, 22) contre une force de sollicitation
du moyen de ressort (9, 29 ; 33A, 33B) per-
mettant ainsi l'insertion/enlévement du substrat
(1, 21) par rapport au chassis (3).

Systéme selon la revendication 1, dans lequel
le moyen de réglage de piston conducteur de
la chaleur comporte une plaque-outil (11) qui
doit étre insérée/enlevée enire les pistons
conducteurs de la chaleur (8, 28A, 28B) et les
dispositifs & circuit intégré (2, 22).

Systéme selon la revendication 1, dans lequel
les trous formés dans la plague refroidisse-
ment (24) sont des frous de passage (32), une
paire de pistons conducteurs de la chaleur
(28A, 28B) connectés par l'intermédiaire des
moyens de ressort (29 ; 33A, 33B) est vertica-
lement déplacée dans chacun des trous de
passage (22) et les extrémités supérieure et
inférieure de la paire de pistons conducteurs
de la chaleur (28A, 28B) sont associées aux
dispositifs & circuit intégré (22) montés sur les
surfaces inférieure et supérieure des substrats
(21) insérées au-dessus et au-dessous de la
plaque de refroidissement (24).

Systéme selon la revendication 3, dans lequel
le moyen de ressort pour connecter la paire de
pistons conducteurs de la chaleur (28A, 28B)
comporte un arbre (19) placé horizontalement
entre la paire de pistons conducteurs de la
chaleur (28A, 28B), et deux ressoris & lames
(33A, 33B), dont une extrémité de chacun est
connectée a l'arbre (19) & des positions dia-
métralement opposées, les autres exirémités
de ceux-ci sont connectées 3 la paire de pis-
tons conducteurs de la chaleur et les ressoris
a lames (33A, 33B) sont incurvés pour entou-
rer I'arbre (19) d'une maniére telle que lorsque
l'arbre est tourné dans le sens inverse des
aiguilles d'une montre, la paire des pistons
conducteurs de la chaleur (28A, 28B) se dépla-
cent I'un prés de l'autre ou s'éloigent I'un de
I'autre.

Systéme selon la revendication 1, comprenant
de plus des tuyaux de branchement (5A, 6A)
connectés aux trajets de fluide de refroidisse-
ment (7, 27) des plaques de refroidissement
(4, 24) et s'étendant & partir du chissis (3)
vers ses parties latérales et des tuyaux d'ali-
mentation (5) et d'évacuation (6) du fluide de
refroidissement.
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